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1. INTRODUCTION {#jcla23201-sec-0005}
===============

X‐linked ichthyosis (XLI) is an inherited skin disorder characterized by wide and symmetric distribution of adherent, dry, and polygonal scales on the skin. The scales vary in color, with 70% appearing dark brown and 30% showing light gray. This disorder predominantly occurs in the preauricular area, neck, axillae, anterior abdomen, and extension zone of the limbs.[1](#jcla23201-bib-0001){ref-type="ref"}, [2](#jcla23201-bib-0002){ref-type="ref"} It is estimated that the incidence of this rare disease is 1/1500‐1/6000.[3](#jcla23201-bib-0003){ref-type="ref"}, [4](#jcla23201-bib-0004){ref-type="ref"} Steroid sulfatase (*STS*) gene, which is located at chromosome Xp22.31, has been proved to be a pathogenic gene of XLI. Approximately 90% of XLI patients harbor complete deletions of the *STS* gene, and the others carry partial deletions or point mutations in the *STS* gene.[5](#jcla23201-bib-0005){ref-type="ref"} In this study, prenatal diagnosis was performed in three pregnant women with high‐risk serological screening results and a woman with mental retardation, including 3 pedigrees with unknown family history of ichthyosis and one pedigree with known family history.

2. SUBJECTS AND METHODS {#jcla23201-sec-0006}
=======================

2.1. Subjects {#jcla23201-sec-0007}
-------------

Pedigree 1 was a 31‐year‐old G2P1 woman at gestational age of 24 weeks. She was admitted to our hospital due to high‐risk screening results for trisomy 21 (1/195) in the second trimester. Three‐dimensional color Doppler ultrasound displayed no apparent fetal abnormality at gestational age of 23 weeks. The pregnant woman denied family history of ichthyosis and had no complications of pregnancy. Pedigree analysis results revealed skin scales in three members of her pedigree, and all were male. The proband was the woman\'s 3‐year‐old nephew. He had white scales on both arms 1 week after birth, and scales were found to gradually extend to the limbs and trunk with age, which manifested adherent, light gray scales on the skin. The pregnant woman\'s maternal grandfather had died, and had adherent, light brown scales on the neck, trunk, and limbs, with rough skin seen prior to death. The pregnant woman\'s male cousin was 35 years old and had similar dermatological manifestations like her maternal grandfather\'s. Apart from skin scales, no involvement of other systems was seen in the pedigree members. The woman\'s husband was healthy.

Pedigree 2 was a 33‐year‐old G2P1 woman at gestational age of 24 weeks. She was admitted to our hospital due to family history of ichthyosis and high‐risk screening results for trisomy 18 (1/67) in the second trimester. Three‐dimensional color Doppler ultrasound displayed no apparent fetal abnormality at gestational age of 23 weeks. There were three members of her pedigree with ichthyosis, and all were male. The proband was the woman\'s 6‐year‐old eldest son. He had widely distributed, adherent, and white scales on the abdomen 10 days after birth, and light brown scales gradually developed on the abdomen and bilateral lower limbs with age (Figure [1](#jcla23201-fig-0001){ref-type="fig"}A‐C), which aggravated in winter and at onset and alleviated in summer. In addition, light brown and rough scales were found to adhere to the skin of the trunk and limbs in the pregnant woman\'s 39‐year‐old male cousin and 30‐year‐old younger brother. Except skin scales, no involvement of other systems was detected in the pedigree members. The woman\'s husband was healthy.

![Skin presentation of X‐linked ichthyosis patients. A, B, and C show the proband in family two, and thin and light brown scales are seen on the anterior abdomen and extension zones of the lower limbs; D, widespread, thin and translucent scales are seen on the anterior abdomen in a one‐week‐old baby from family one; E, Light brown scales are observed on the ankle in a 1‐y‐old baby from family two](JCLA-34-e23201-g001){#jcla23201-fig-0001}

Pedigree 3 was a 34‐year‐old G3P0 woman at gestational age of 18 weeks. She was admitted to our hospital due to high‐risk screening results for trisomy 21 (1/183) in the first trimester. The pregnant woman denied family history of ichthyosis and had no complications of pregnancy. The woman\'s husband was healthy.

Pedigree 4 was a 27‐year‐old G1P0 woman at gestational age of 19 weeks. She was admitted to our hospital for prenatal diagnosis due to mental retardation. The pregnant woman\' family members denied family history of ichthyosis, and she had no complications of pregnancy. The woman\'s husband was healthy.

2.2. Methods {#jcla23201-sec-0008}
------------

### 2.2.1. Sample collection {#jcla23201-sec-0009}

All four pregnant women underwent B‐mode ultrasonography‐guided amniocentesis, and 25‐30 mL of amniotic fluid was sampled for cell culture, chromosome karyotype analysis, fluorescence in situ hybridization (FISH), prenatal bacterial artificial chromosomes‑on‑Beads™ (BoBs), and single nucleotide polymorphism array (SNP‐array) analysis. Peripheral blood was sampled from the pregnant woman and her nephew and younger cousin in Pedigree 1, the pregnant woman and her son in Pedigree 2 and the two pregnant women in Pedigrees 3 and 4 for SNP‐array analysis, while the other pedigree members were given no advice on genetic testing. This study was approved by the Ethical Review Committee of Fujian Provincial Maternity and Children\'s Hospital.

### 2.2.2. Cell culture and chromosome karyotype analysis {#jcla23201-sec-0010}

Amniotic fluid cells were routinely cultured and subjected to G‐band karyotyping (320‐400 bands). The cytogenetic and molecular cytogenetic findings were described according to the International System for Human Cytogenetic Nomenclature 2009 (ICSN 2009).

### 2.2.3. BoBs assay {#jcla23201-sec-0011}

Genomic DNA was extracted from amniotic fluid cells using the QIAamp^®^ DNA Blood Mini Kit (QIAGEN), and the concentration and purity of genomic DNA was measured with a NanoDrop micro‐volume UV‐Vis spectrophotometer (Thermo Fisher Scientific). Prenatal BoBs test kit was used to detect aneuploidies involving chromosomes 13, 18, 21, X, and Y as well as nine common microdeletion syndromes on a multi‐analyte suspension array (PerkinElmer LAS, Inc) following the manufacturer\'s instructions, including DiGeorge I syndrom, DiGeorge II syndrom, Prader‐Willi syndrom/Angelman syndrome, Cri‐du‐Chat syndrome, Williams‐Beuren syndrome, Wolf‐Hirschhorn syndrome, Smith‐Magenis syndrome, Miller‐Dieker syndrome, and Langer‐Giedion syndrome.

### 2.2.4. Fluorescence in situ hybridization assay {#jcla23201-sec-0012}

Amniotic fluid cells were cultured, prepared into cell suspensions, and dropped on clean slides. FISH assay was performed with an STS/DXZ1 probe by the Becreative Lab (Beijing) Co., Ltd.

### 2.2.5. SNP‐array analysis {#jcla23201-sec-0013}

Genomic DNA was digested, amplified, purified, fragmented, marked with signals, hybridized on the Affymetrix CytoScan 750K arrays (Affymetrix), and washed, and images were acquired. The original image files were processed with the software Chromosome Analysis Suite (Affymetrix). The reporting threshold was set at ≥200 kb for deletion and ≥500 kb for repetition.

2.3. Follow‐up of pregnancy outcomes {#jcla23201-sec-0014}
------------------------------------

The pregnant outcomes and newborns\' dermatological manifestations were collected through review of medical records and telephone follow‐up.

3. RESULTS {#jcla23201-sec-0015}
==========

3.1. Genetic testing results {#jcla23201-sec-0016}
----------------------------

### 3.1.1. Pedigree 1 {#jcla23201-sec-0017}

Prenatal BoBs assay revealed a 0.36 sample‐to‐female reference ratio and 0.5 sample‐to‐male reference ratio in the fetus of Pedigree 1 using the XC1 probe, suggesting the presence of microdeletions; however, no obvious abnormalities of chromosomes 13, 18, or 21, or the nine common microdeletion syndromes were detected (Figure [2](#jcla23201-fig-0002){ref-type="fig"}A). SNP‐array analysis showed a deletion of 1.68 Mb at chromosome Xp22.31 (arr\[hg19\] Xp22.31(6645882‐8085215)x1) encompassing four OMIM genes in the pregnant woman, including *HDHD1*, *STS*, *VCX,* and *PNPLA4*, and the SNP‐array result was arr\[hg19\] Xp22.31(6455151‐8135644)x0 in the fetus (Table [1](#jcla23201-tbl-0001){ref-type="table"}), suggesting that the deletion was derived from the mother. FISH assay confirmed the deletion of the *STS* gene in the fetus (Figure [3](#jcla23201-fig-0003){ref-type="fig"}C), and the karyotype was 46,XY. In addition, SNP‐array testing revealed the deletion of the *STS* gene in the pregnant woman\'s younger cousin and nephew, with the deletion size consistent with the pregnant woman\'s and fetus\'s.

![Representative bacterial artificial chromosomes‐on‐Beads™ results of fetus in two families. A, the results of the Xp22 microdeletion of fetus in families one; B, the results of the Xp22 microdeletion of fetus in families two. Sample is defined as a normal disomic if the ratios of the fluorescence intensities for a chromosome region fall within the lower and upper threshold limits, with a ratio of \~1.0. A sample was defined deleted/duplicated at a specific chromosomal locus if the ratios of the fluorescence intensities fall outside the threshold of the mean ± two standard deviations; they typically range between 0.6 and 0.8 (deleted) and between 1.3 and 1.4 (duplicated). Blue dots represent the proportion of tested DNA compared with the male reference DNA. Red dots represent the proportion of tested DNA compared to the female reference DNA. Green lines are the normal range for the signals](JCLA-34-e23201-g002){#jcla23201-fig-0002}

###### 

*STS* deletion cases identified through SNP‐array

+---------+--------+-------------------------------------------+---------------------------+
| Fetuses | Sex    | SNP‐array                                 | Deleted OMIM genes        |
+=========+========+===========================================+===========================+
| 1       | Male   | 1.68 Mb deletion at Xp22.31               | *HDHD1, STS, VCX, PNPLA4* |
|         |        |                                           |                           |
|         |        | (arr\[hg19\] Xp22.31(6455151‐8135644)x0)  |                           |
+---------+--------+-------------------------------------------+---------------------------+
| 2       | Male   | 1.2 Mb deletion at Xp22.31                | *HDHD1, STS, VCX, PNPLA4* |
|         |        |                                           |                           |
|         |        | (arr\[hg19\] Xp22.31(6715163‐7918931) x0) |                           |
+---------+--------+-------------------------------------------+---------------------------+
| 3       | Female | 1.68 Mb deletion at Xp22.31               | *HDHD1, STS, VCX,PNPLA4*  |
|         |        |                                           |                           |
|         |        | (arr\[hg19\] Xp22.31(6683449‐7887990)x1)  |                           |
+---------+--------+-------------------------------------------+---------------------------+
| 4       | Female | 1.68 Mb deletion at Xp22.31               | *HDHD1, STS, VCX, PNPLA4* |
|         |        |                                           |                           |
|         |        | (arr\[hg19\] Xp22.31(6455276‐8135568)x1)  |                           |
+---------+--------+-------------------------------------------+---------------------------+
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![Representative images of fluorescence in situ hybridization analysis using a *STS* gene (red)‐specific probe and X centromere (green) control probe. A, a normal male with *STS* probe (arrow); B, a normal female with *STS* probe (arrow); C, An XLI affected male fetus with a complete deletion of the *STS* probe (arrow) in family one; D, An XLI affected male fetus with a complete deletion of the STS probe (arrow) in family two; E, An XLI affected female fetus with a complete deletion of the *STS* probe (arrow) in family three; F, An XLI affected female fetus with a complete deletion of the *STS* probe (arrow) in family four](JCLA-34-e23201-g003){#jcla23201-fig-0003}

### 3.1.2. Pedigree 2 {#jcla23201-sec-0018}

In the Pedigree 2, SNP‐array analysis showed a deletion of 1.2 Mb at chromosome Xp22.31 (arr\[hg19\] Xp22.31(6715163‐7918931) in the pregnant woman, the proband and the fetus (Table [1](#jcla23201-tbl-0001){ref-type="table"}), and the deleted region contained four OMIM genes, including *HDHD1*, *STS*, *VCX,* and *PNPLA4*. FISH assay confirmed the deletion of the *STS* gene in the fetus (Figure [3](#jcla23201-fig-0003){ref-type="fig"}D), and the karyotype was 46, XY.

### 3.1.3. Pedigree 3 {#jcla23201-sec-0019}

In the Pedigree 3, prenatal BoBs assay detected a 0.69 sample‐to‐female reference ratio and 0.95 sample‐to‐male reference ratio in the fetus using the XC1 probe, suggesting the presence of microdeletions; however, no obvious abnormalities of chromosomes 13, 18, or 21, or the nine common microdeletion syndromes were detected (Figure [2](#jcla23201-fig-0002){ref-type="fig"}B). SNP‐array analysis showed a deletion of 1.68 Mb at chromosome Xp22.31 (arr\[hg19\] Xp22.31(6683449‐7887990)x1) in the pregnant woman, and the deleted region contained four OMIM genes, including *HDHD1*, *STS*, *VCX,* and *PNPLA4*. The SNP‐array result was arr\[hg19\] Xp22.31(6683449‐7887990)x0 in the fetus (Table [1](#jcla23201-tbl-0001){ref-type="table"}), suggesting that the deletion was derived from the mother. FISH assay confirmed the deletion of the *STS* gene in the X chromosome of the fetus (Figure [3](#jcla23201-fig-0003){ref-type="fig"}E), and the karyotype was 46, XX.

### 3.1.4. Pedigree 4 {#jcla23201-sec-0020}

In the Pedigree 4, SNP‐array analysis showed a deletion of 1.68 Mb at chromosome Xp22.31 (arr\[hg19\] Xp22.31(6455276‐8135568)x1) in the pregnant woman and the fetus (Table [1](#jcla23201-tbl-0001){ref-type="table"}), and the deleted region contained four OMIM genes, including *HDHD1*, *STS*, *VCX,* and *PNPLA4*. FISH assay confirmed the deletion of the *STS* gene in the fetus (Figure [3](#jcla23201-fig-0003){ref-type="fig"}F), and the karyotype was 46, XX.

3.2. Follow‐up of pregnancy outcomes {#jcla23201-sec-0021}
------------------------------------

In the Pedigree 1, the pregnant woman delivered a full‐term male baby by cesarean section, and no skin abnormality was seen in the baby at birth. However, white and widespread scales were found to adhere to the abdomen one week after birth, which aggravated in dry air (Figure [1](#jcla23201-fig-0001){ref-type="fig"}D). The 17‐month follow‐up revealed slightly rough, light brown scurf in the anterior abdomen and extension zone of the limbs, and no other clinical symptoms were seen. In the Pedigree 2, the pregnant woman delivered a full‐term male baby by cesarean section, and no skin abnormality was observed in the baby at birth. However, white and widespread scales were found to adhere to the abdomen 10 days after birth. The 13‐month follow‐up revealed slightly rough, light brown scurf in the ankle and slightly rough instep skin without scurf, and no other clinical symptoms were found (Figure [1](#jcla23201-fig-0001){ref-type="fig"}E). In the Pedigrees 3 and 4, full‐term babies were delivered, and no abnormalities were seen during the 6‐ and 3‐month follow‐up period. The phenotypes between our research and published studies are summarized in Table [2](#jcla23201-tbl-0002){ref-type="table"}.

###### 

Comparative of phenotypes between our research and previous studies

+-------------------------------+---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------+-----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------+---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------+------------------------------------------+------------------------------------------+
| Clinical manifestation        | Previous studies                                                                                                                                                                                                                                                                                                                                                                                                    | Pedigree 1 of our study                                                                                                                                                                                                                                                                                                                 | Pedigree 2 of our study                                                                                                                                                                                                                                                                                 | Pedigree 3 of our study                  | Pedigree 4 of our study                  |
+===============================+=====================================================================================================================================================================================================================================================================================================================================================================================================================+=========================================================================================================================================================================================================================================================================================================================================+=========================================================================================================================================================================================================================================================================================================+==========================================+==========================================+
| Dermatological manifestations | Main of dermatological manifestations in male patients: the severity of the skin varies, most of manifestations were typical, atypical, polygonal, and "dirty" scales on the skin. A few were mild dry skin, eczema, atopic dermatitis, adherent light gray scales. The skin damages predominantly occur in the preauricular area, neck, axillae, anterior abdomen, and extension zone of the limbs                 | Male patients: dermatological manifestations were mild, the light brown scales adherent on the neck, trunk, and limbs, with rough skin.                                                                                                                                                                                                 | Male patients: dermatological manifestations were mild, the light brown and rough scales were found to adhere to the skin of the trunk and limbs.                                                                                                                                                       | The girl was followed up to 6 mo: normal | The girl was followed up to 3 mo: normal |
|                               |                                                                                                                                                                                                                                                                                                                                                                                                                     |                                                                                                                                                                                                                                                                                                                                         |                                                                                                                                                                                                                                                                                                         |                                          |                                          |
|                               |                                                                                                                                                                                                                                                                                                                                                                                                                     | The boy was followed up to 17 mo: no skin abnormality was seen in the baby at birth. However, white and widespread scales were found to adhere to the abdomen one week after birth, which aggravated in dry air. The 17‐mo follow‐up revealed slightly rough, light brown scurf in the anterior abdomen and extension zone of the limbs | The boy was followed up to 13 mo: no skin abnormality was observed in the baby at birth. But white and widespread scales were found to adhere to the abdomen 10 d after birth. The 13‐mo follow‐up revealed slightly rough, light brown scurf in the ankle and slightly rough instep skin without scurf |                                          |                                          |
+-------------------------------+---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------+-----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------+---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------+------------------------------------------+------------------------------------------+
| Extracutaneous manifestations | Main of extracutaneous manifestations in male patients: corneal opacification and cryptorchidism are common accompanying symptoms, but could also accompanied by testicular germ cell cancer, male hair loss, microsomia, chondrodysplasia punctata, epilepsy, electroencephalography abnormality, mental retardation, hyposmia, attention deficit hyperactivity disorder, autism and language development disorder | Male patients: normal.                                                                                                                                                                                                                                                                                                                  | Male patients: normal.                                                                                                                                                                                                                                                                                  | The girl was followed up to 6 mo: normal | The girl was followed up to 3 mo: normal |
|                               |                                                                                                                                                                                                                                                                                                                                                                                                                     |                                                                                                                                                                                                                                                                                                                                         |                                                                                                                                                                                                                                                                                                         |                                          |                                          |
|                               |                                                                                                                                                                                                                                                                                                                                                                                                                     | The boy was followed up to 17 mo: normal                                                                                                                                                                                                                                                                                                | The boy was followed up to 13 mo: normal                                                                                                                                                                                                                                                                |                                          |                                          |
+-------------------------------+---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------+-----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------+---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------+------------------------------------------+------------------------------------------+
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4. DISCUSSION {#jcla23201-sec-0022}
=============

XLI is an X‐linked, recessively inherited disorder of cutaneous keratinization. Since the *STS* gene escapes X chromosome inactivation, female patients with XLI contain the same amounts of STS with healthy males, in whom skin scales are rare.[6](#jcla23201-bib-0006){ref-type="ref"}, [7](#jcla23201-bib-0007){ref-type="ref"} However, male patients with XLI often have polygonal, semitransparent, and fine scales on the skin at birth or soon after birth, and the scales gradually become deep dark and rough with age. The skin damages predominantly occur in the trunk and extension side of the limbs. The symptoms of XLI aggravate in winter and dry climates and alleviate in summer.[7](#jcla23201-bib-0007){ref-type="ref"}, [8](#jcla23201-bib-0008){ref-type="ref"} In addition, some patients are complicated by extracutaneous manifestations, such as corneal opacity (10%‐15%), cryptorchidism, and testicular germ cell cancer (20%) and male hair loss.[9](#jcla23201-bib-0009){ref-type="ref"} In 1978, deletion of the *STS* gene was detected in the skin fibroblasts of XLI patients, and *STS* gene was therefore identified as the pathogenic gene of XLI.[10](#jcla23201-bib-0010){ref-type="ref"} Approximately 90% of the patients with XLI are reported to harbor complete deletion of the *STS* gene and its flanking sequences, and a minority of patients has partial deletions and point mutations; however, the deletion pattern of the *STS* gene shows no significant correlation with the severity of cutaneous manifestations.[11](#jcla23201-bib-0011){ref-type="ref"} It is reported that 8% of the patients with *STS* gene deletion are complicated with the deletions in the neighboring genes, thereby resulting in more complicated phenotypes, such as microsomia, chondrodysplasia punctata, Kallmann syndrome, ocular albinism, epilepsy, electroencephalography abnormality, mental retardation, hyposmia, attention deficit hyperactivity disorder, autism, and language development disorder.[9](#jcla23201-bib-0009){ref-type="ref"}, [10](#jcla23201-bib-0010){ref-type="ref"}, [11](#jcla23201-bib-0011){ref-type="ref"}, [12](#jcla23201-bib-0012){ref-type="ref"}, [13](#jcla23201-bib-0013){ref-type="ref"}, [14](#jcla23201-bib-0014){ref-type="ref"}, [15](#jcla23201-bib-0015){ref-type="ref"}, [16](#jcla23201-bib-0016){ref-type="ref"}, [17](#jcla23201-bib-0017){ref-type="ref"}

*STS*, which is located at chromosome Xp22.31, is estimated to be 164 kb in length and contains 10 exons and 2 non‐coding regions. The cDNA of the *STS* gene encodes 583 amino acids, which has a relative molecular mass of 62 000. In normal stratum corneum, cholesterol sulfate is decomposed into cholesterol and sulfate by STS, leading to a reduction in the constituent ratio of cholesterol sulfate from approximately 5%‐1% in lipids. XLI patients have a deficiency in the *STS* gene, and cholesterol sulfate accumulates in stratum corneum, which consists of 10%‐12% of the lipids.[18](#jcla23201-bib-0018){ref-type="ref"}, [19](#jcla23201-bib-0019){ref-type="ref"} Excessive accumulation of cholesterol sulfate increases epidermal cell adhesion and stability, resulting in hyperkeratosis and formation of scales. Previous studies have demonstrated a low serum free estriol level in the pregnant woman carrying a fetus with XLI, suggesting that serological test may be indicative of XLI.[3](#jcla23201-bib-0003){ref-type="ref"}, [20](#jcla23201-bib-0020){ref-type="ref"}, [21](#jcla23201-bib-0021){ref-type="ref"}, [22](#jcla23201-bib-0022){ref-type="ref"} In this study, the pregnant women from two pedigrees were admitted due to high‐risk screening results in the second trimester, and the serum free estriol had a 0.121 multiple of the median in the pregnant woman from Pedigree 1 and a 0.14 multiple of the median in the pregnant woman from Pedigree 2, both of which were lower than the reference range (0.5‐2 multiples of the median). This is consistent with previous reports. The pregnant woman in Pedigree 3 received Down\'s syndrome screening in the first trimester, and Down\'s syndrome screening was not performed in the pregnant woman in Pedigree 4. Therefore, free estriol levels are unavailable in these two pedigrees. Further studies to examine the diagnostic value of free estriol in pregnant women carrying XLI‐affected female fetuses are warranted.

Previous studies have demonstrated that the dermatological manifestations of XLI are large, jet‐black, polygonal, and dry scales. With the continuous development of molecular techniques, more and more XLI patients that have only mild dermatological manifestations are detected, and these patients manifest skin dryness, eczema, and allergic dermatitis.[11](#jcla23201-bib-0011){ref-type="ref"} In addition, approximately 30% of XLI patients have adherent, light gray scales, rather than atypical, polygonal, and "dirty" scales, on the skin.[1](#jcla23201-bib-0001){ref-type="ref"}, [23](#jcla23201-bib-0023){ref-type="ref"} In this study, the family members and the patient of Pedigree 1 did not know ichthyosis and were not given standard diagnosis or treatment in the department of dermatology. Ichthyosis was mistaken as common skin disorders for the management. In Pedigree 2, the light brown and rough scales were found to adhere to the skin of the trunk and limbs in the male patients. Only female carriers were found in Pedigree 3 and Pedigree 4, and there were no skin or extra‐skin symptoms during follow‐up. Because of the characteristics of X‐linked recessive inheritance, half of the female offspring generated by male ichthyosis patients and normal women are carriers of ichthyosis, and male offspring are all normal, while half of the female offspring generated by female carriers of ichthyosis and normal men are carriers of ichthyosis and half of the male offspring are ichthyosis patients. Prenatal testing is therefore recommended in the offspring of the patients and carriers of ichthyosis in the four pedigrees.

It has been reported that the patients with deletions of four OMIM genes (*HDHD1*, *STS*, *VCX,* and *PNPLA4*) have diverse manifestations. Puri and colleagues[24](#jcla23201-bib-0024){ref-type="ref"} reported a 3‐year‐old Caucasian male XLI baby with deletions of four OMIM genes including *HDHD1*, *STS*, *VCX,* and *PNPLA4*, and this child had manifestations of skin dryness in the limbs with adherent scales, complicated by pyloric stenosis, epilepsy, polymicrogyria, thin hair, poor dentition, retinitis pigmentosa, malformation of cortical development, and developmental delay. Song and colleagues[25](#jcla23201-bib-0025){ref-type="ref"} reported a 12‐year‐old male XLI patient with deletions of *HDHD1*, *STS*, *VCX,* and *PNPLA4* genes, and the child had large, thick, dark brown, and polygonal scales, complicated by glomerular sclerosis and microsomia. In addition, Hand and colleagues[11](#jcla23201-bib-0011){ref-type="ref"} reported three males with XLI in whom four OMIM genes (*HDHD1*, *STS*, *VCX,* and *PNPLA*) were deleted, and these patients had only invisible scales adherent to the skin, or dryness or eczema, complicating by other clinical manifestations, such as autism, microsomia, neurofibroma, and developmental delay. In the current study, the pregnant women in Pedigrees 1 and 2 manifested adherent light brown scales, and dry and rough skin in the limbs and abdomen, and no other clinical symptoms were observed. Additionally, most female carriers of XLI are reported to have no detectable clinical symptoms, and scales are rarely seen in the skin. It has been reported that neuropsychiatric disorders predominantly occur in male patients with XLI, and there are few reports regarding the development of neuropsychiatric symptoms in female carriers of XLI.[16](#jcla23201-bib-0016){ref-type="ref"}, [26](#jcla23201-bib-0026){ref-type="ref"}, [27](#jcla23201-bib-0027){ref-type="ref"}, [28](#jcla23201-bib-0028){ref-type="ref"} The pregnant woman in Pedigree 4 was a carrier of XLI and had clinical manifestations of risibility, impaired verbal communication, and mental retardation; however, the associations of these clinical symptoms with the deletion of the *STS* gene remained unknown. More clinical studies are required to examine the associations of deletion of the same gene that leads to diverse clinical symptoms with environmental or individual genetic heterogeneity.

5. CONCLUSION {#jcla23201-sec-0023}
=============

Currently, conventional karyotyping remains the gold standard for the diagnosis of chromosomal disorders; however, this technique has a limited resolution and may cause a missed detection of deletions of \<10 Mb repeat sequences. In this study, karyotyping, prenatal BoBs, FISH assay, and SNP‐array analysis were employed and the combination of these tools may avoid the missed detection of common microdeletions and ensure the accuracy of the detection results, which provides a feasible tool for the reliable etiological diagnosis and better genetic counseling of XLI.
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